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Design of structures for earthquake resistance. General rules.

EN 1998-1:2004 Seismic actions for buildings.

EN 1998-2:2005 +

Amendment 1:2009 Design of structures for earthquake resistance. Bridges.

Design of structures for earthquake resistance. Assessment and
retrofitting of buildings.
Design of structures for earthquake resistance. Silos tanks and
pipelines.
Design of structures for earthquake resistance. Foundations,
retainingstructures and geotechnical aspects.
Design of structures for earthquake resistance - Part 6: Towers,
masts and chimneys
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(Eurocode 8, 2011: - Worked examples) 43l , e ¥+ 5y

Ground Damping ratio Ve | Vomax Gs | Ggmax
acceleration
Ratio
asS
0.1 0.03 0.9 (x0.07) 0.8 (x0.1)
0.2 0.06 0.7 (x0.15) 0.5(x0.2)
0.3 0.10 0.6 (x0.15) 0.36 (0.2)
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\Embedment effects
YEffect of averaging of variable ground motions across the foundation slab

YWave scattering effects
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Approximate Values of Shear Wave
Velocity Reduction Factor, n

Peak Ground Acceleration (PGA)

0.10g 0.15g 0.20g 0.30g
n 0.90 0.80 0.70 0.65
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Nonperiodic

_ Bomb blast pressure on
(c) E— L] building

Earthquake on water
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Response mode

Static Stiffness, K

Rectangle(B/L=2) Rectangle(B/L=4) | Ellipse(a/b=2) Ellipse(a/b=4)
) 336L 2.556L 2.9Ga 1.8Ga
Vertical, z K, = = - o= =
Horizontal, y (lateral K. = 686L 5.546L 6.56a 5.36a
direction) Y2y 2-v 2-v 2-v
Horizontal, x K,=
I 3.9(1-14v) 47(1-1.37v) 3.7(1-14v)
(longitudinal _49(-14v) 20759 L |z 0% | Zonersr 08
direction) (2-v)(0.75-v)
Rocking, rx (around K. - 08261% 0.2G13 0.55Ga’ 0.78Ga’
X axis) ™y 1-v 1-v 1-v
Rocking, ry (around K. _ 246613 162613 16564 11613
y axis) VT 1w 1-v 1-v 1-v
Torsional K, =3.5GL3 2.1GL3 2.3Ga® 1.4Ga3

Vb sla o ¢l p Jily, -¥-Y-V

035380 5 g e e Ll Al o Ges ax s ol (Salos JL G sl w

I3 e Sl (B et 0 el Pl A ea g Calis Ses G 250
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Mylonakis et ; Gazetas (1991) Lw 5 (golginy Laily, (F=V) 5 (Y=V) Jslir 53 45 Ol s
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(Gazetas, 1991) O g s o (815 (Slol 2o (Y-V) J g

. *Homogeneous Stratum:. "

5 T/W/\ ~ .y -/:\y\yJ‘S o )\-,\’ o '-‘"-V

rigid formation
Foundation Shape Circular Foundation of Strip Foundation
Radius R
Kz,emb Kz,emb ~ Kz.sur[l +
~K,.,(1+05550 /3
Vertical | = Kasur( S5 0.2 (E) 11+
D\ D
— I B
+ (0.85 0.28 R>H — D] 3.5 ﬁ)
Horizontal, . o | Kyemb = Ky (1 +
or X Ky,emb = Ky,sur(l + E)(l + 125;) d D
Static y 0.5 E) (1 + 1.5 ;)
Stiffnesses, K - —
Rocking, rx | Krxemp = Krxsur(1 + Keyemp = Krpsur(1 +
d D d D
orr = = £ 2
y 2 R)(l + 0.65 H) B)(l + 0.65 H)
Coupled
swaying- Kyrx,emb ~ 1/3 de,emb Kyrx,emb ~ 1/3 de,emb
rocking
Torsional | Ky ey = Ky g (1 + 2.67 %) -
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Response Static Stiffness, K
mode
Rectangle(B/L=2) | Rectangle(B/L=4) | Ellipse(a/b=2) | Ellipse(a/b=4)
Kz,emb = Kz,sur)(z
Vertical, z xz=(1+0162) 1+ | (1+0252)[1+ (1+0142)(1+ | (1+0242)[1+
2 2 2 5
0a2() ") 0s(2) ") 021 | os()"
Ky,emb = Ky,sur)fz
Horizontal, (1
+
yglate.ral Xy = <1 + o.z\ﬁ> [1+ <1 + 0.3\/§> [1.3 + <1 + 0.2\/§> [1+
direction) L L a >
a\0-8 4\08 008 0.3 - [1.2 +
(Z) ] (Z) ] (;) ] o8
(5]

er,emb = er,sur)(z

Rocking,
;))(((izgound g er:1+2'5%[1+ 1+5%[1+ 1+2.5§[1+ 1+5§[1+
1.4 % (%)—0.2] 2 % (%)—o.z] 14 % (%)—0.2 ) % (%)_0_2
K, =K
Rocking, ry,emb ry.surXz
ry(around
a)>/<(i8) 7| S 14321+ 12000+ | 1432501+
2.1 (2)0.5[1 + (5)1.9] 15 (%)1_9] (%)1,9] 15 (%)19]
Kiemp = KesurXz
Torsional
Xt = 1+ d a .
0.9 0.9 09
3.7 (409 1+61() 1+4() 1+6()
L
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(Mylonakis et al., 2006)

Foundation Circular foundation Rectangular foundation 2B Strip foundation
shape of radius B=R by 2L (L>B) 2L—0
2GL
4GR — 26L
s K,=—(1+ Kz =073+ K 2036 (1 4
= 1-v 3/ B 2L 1-v
8 R B) 74 H B
: 132) 154(2) "1+ i) 352)
I
o 8GR
E- K, = ;(1 + Ky 26 B
. ; c | 2r 42D
= 0.5 _) 2L 2-v H
* H
I
Q
=
o | 3 Ky=Ke | - -
© 5
2 £
=4 <
28
=S
= )
@ o __ 8GR
_% ;% er—S(l—v)(l-i— . &,\, TL'GBZ (1 + 025)
= f 0_175) 2L 2(1-v) “H
X H
el
g
g Kry = Kix . -
<
= 1
S | K, ==GR3(1+
gl R 3 M -
2 i
= 0.1 H)
2 g
& 2 < H
= =
g' g 3 ez = ke ( /R' ao) k, = kZ(H/B 'L/B ,ao) is plotted in Graph 7 —
= » 8 Is obtained from .
7 = E 6 for rectangle and strip
= = N Graph 7-6
—_ 2
e 2
~ o
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Foundation Circular foundation Rectangular foundation 2B Strip foundation
shape of radius B=R by 2L (L>B) 2L—o
I
2
§ ky = ky (H/R, ao)
§ Is obtained from . ky = kZ(H/B ,a,)is obtained from graph 7 — 6
é Graph 7-6
<
el
8
=
& H
‘;2 ® er( /R) = by (20)
=]
3 ke(H/p) = k,(e0)
a=rx,ryt
—
Q
f o | ke(H/R) = ke(e0)
< CZ(H/B) ~ Oat frequencies f < f.regardless of foundation shape
3 C,(H/g) ~ 08 C () at f =15,
Q
=2

at intermediate frequencies interpolate linearly. f. = % Ve = (31'2/’5)

g T
= =]
5 =
= g ¢,(H/g) ~0at f<4/5f; ¢,(H/p) ~ C,(0)at f>4/3f,
: = at intermediate frequencies interpolate linearly. f; = :—; ; similarly for
3 s
= -
= <
=4
g P
@ o
= 2
e >
'é f CTX(H/B) =~ Oat f < f; CTX(H/B) = Cpy(o0) at f > f.;similarly for C,,,
a5l s
é Q
_|
g H
w
S Ct( /B) ~ Ct()
(=5

o Not available
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(Mylonakis et al., 2006)

Vibration mode  General expression
K = K(G./G, H/B) = K(1,00) X rmcsminioncn

K(1, 00) m
Circle Strip
Vertical K 1.3 3.5
Horizontal of homogenous halfspace 0.5 20
Torsional 0.17 0.2

SAIELL S 3 4 waly (ol 5 (e Y-V
Rl o e e &3l 0 s 8 0l V=Y sl s S 6 S 0kes
e s e 3 sbeesle gy Bl olee 3 s, 53 8 bl 1ol 1S
B Ol ol U s S 3 o 03 by ol il b e eslined iS5 4 e
as § b ys Sty Soso a1 o ol e 5 5w Veletsos (1977) .65l e 8
Ky ) s 5 81 Cgm 53 (Sanls e ol ol il 63551 s 4 (5 538 )

g e i x5 s g 40 (G, Cg) Sliss 5 il ol 5 (K

I?X = kXKX , I?e = keKe , ¥-Y)
Kgr Kgr
CX = C V—S, Ce = Cev—es ) (f-V)

gé-:ﬁb-;)&lﬂjw&f-;‘ycejCX‘ke‘kxW-J{J;G\)‘Y_VJ;{)éL‘“OTMW
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Mylonakis et al. (2006)

Vibration mode

Static stiffness, K

General shape
(Foundation-soil contact surface area=Ap with equivalent
rectangle 2Lx2B , L>B)?

2GL
KZ = m(073 + 1.54){0'75)

Vertical, z
i =4
With y = e
: 2GL
Horizontal, y K, = P (2 + 2.55°85)
v

(lateral direction)

Horizontal, x i B
' Ky =K, ————GL(1 ——
(longitudinal x =Ky — g7, 6L - 1)
direction)
Wi
_/1-v L, B
Rocking, rx K = L 5)025(2.4 +0.57)
X

(around x axis)

With lpx= area moment of inertia of foundation-soil contact
surface around x axis

Rocking, ry
(around y axis)

G/
_ /1-v L 15
Kry - be0_75 [3(§)01 ]

With Iy,= area moment of inertia of foundation-soil contact
surface around y axis

Torsional

B
K, = GJ.°°[4 +11(1 - Z)101

With J=lpx+1py polar moment of inertia of foundation-soil
contact surface

@ Note that as L/B—o (strip footing) the theoretical values of K, and Ky—0;
Values computed from the two given formulas correspond to footing of L/B= 20.

b ar=wB/Vs
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Dynamic stiffness H= K k(o)

Vibration mode

Dynamic stiffness coefficient k
(General shape ; (0 < ag < 2)?

Radiation dashpot coefficient C
(General shapes)

Vertical, z

k, = ky(t/g,v,a0)
Plotted in Graph 7-7

C, = (pVLaAb)Ez
C, = C_Z(g,ao) Plotted in
Graph 7-7

Horizontal, y (lateral

ky, = ky(L/B ,U, Q)

Cy = (pl/sAb)Ez
Cy = C_y(g,ao) Plotted in

direction) Plotted in Graph 7-7
Graph 7-7
Horizontal, x
(longitudinal ky=1 Cy~ PVAy
direction)
Crx = (PVLaIbX)Erx
Rocking, rx (around
)?axisg ferx = 1 =020 C= _rx(g, ao) Plotted in
Graph 7-7
(  v<045; Cry = (PVialpy)Cry
Rocking, ry (around fry = 1= 03a,
y axis) v~ 05 L Cry = _ry(g, a,) Plotted in
\kry = 0'25a0(§)0'3 Graph 7-7
Ce = (pVJ)Ce
Torsional k, ~ 1 —0.14a, C, = C_t(g,ao) Plotted in

Graph 7-7

b aozﬂ)B/Vs
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